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A B S T R A C T  
Dorsal fin spine sections have been used in several studies for aging 
tunas, As far as skipjack is concerned the trials have been made in an 
isolated fashion. The present study is part of an international research 
program on.Atlantic Skipjack coordinated by I.C.C.A.T. (International 
Commission f o r  the Conservation of Atlantic Tunas). It discusses the . 
methodology developed by 8 group of scientists as we31 as the comparison 
of readings on the same sample. The paper deals with the difficulties 
t . t b t a o I ) t  ,IOCI i r r  ~ l ~ ~ ~ o l ~ ~ p i ~ g  1 ho IIIOLIWI arid t bo r l iTCororws thRt e w i a t  between 
different readers. A first grouth estimate is advanced by three scientists 
of the working group on three samples of different origins, Classical' 
growth curves do not adjust well t o  the datas observed, Revertheless, the 
date seems to indicate'that growth is rather slow, approximately S cm 
per yeer. A certain doubt subsists regardipg the periodicity of growth 
marks. Yhis may be improved by tetracycline antibiotic marking. Indeed 
the first recoveries indicate &het this etubstmnco 2s deposited on dorsel 
fin spines. A longer time et liberty (around one year) seems necessary i n  
order to dispose of a reliable method o f  mark periodicity determination, 
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Different approaches have been teken for determining the age and grwth 
of lakipjack. A synthesis of past work may be found i n  ;)OSSE e t  al (1979). 
These have included t length frequencies distributions, modal progressions, 
marking and recapture, and readings of bony pieces t vertebrae, htOlith8, 
dorsal fin spines. This last method is the one developed in the paper, 
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following the observations by SHABCTINIETS (196R) and the work of B A T E  i 
(1972) and CAYRE (1979). 
The sates of growth obtained by the different &hors are very variable, 
i 
. these may go from simple to double or even triple. These differences may i 
T 
i be partially explained by the diversity of methods and origins of samples. 
By choosing the method ?f dorsal fin spines we have wished to simplify 
the sampling and preparation as compared t o  other bony parts, such as 
I 
f 
vertebrae end otoliths, In sddition, thanks to the sampling net installed 
for &he International Skipjack Year Program (I S Y P), ve dispose of samples 
from different locations in the Intertropfcal Atlantic. 
MATEfhALS AhD METHODS. 
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1 Following the meeting of the ICCAT Skipjack Subcommittee i n  November 19R0, 
the persons concerned by the study of  skipjack hardparts decided to meet 
in order to calibrate the methods of preparation and reeding of dorsal fin 
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opines. Difficulties related to individual work and geographical distances 4 
P 
* 
1 
did not $ 1 1 ~  a l l  reeedrchers to meet at one time. A f ir& group’met in $ 
F 
i 
i: 
Brest, France (4 persons) and then another meeting took place i n  February 
% 
1981 rst Dakar, Shdgal (3 persona), Only one investigator vas able to assist 
eo both meetings. A method having been developed (see description in the 
. .  
1 
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o.reg& paragraph),”it vas decided to compile a aeriea of  photographs, which 
’ 
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.. . peper, h i s  readings end in terpretat ions (estimated age) t o  Brest. 
. -  
f t  was then possible t o  compare-the e igh t  d i f f e r e n t  readings of the 
... J. 
* I.. 8me sample. 
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*..-.+7., . . The f i r s t  dorsal  f i n  spine has roughly the shape of en elongated cone 
. . . . .  . -  
.I 
the  diameter o f  which is maximum j u s t  above t h e  ar t i cu la t ion ,  I t  is . 
importent t o  sect ion the  dorsal  f i n  spine e t  the same r e l e t i v e  pos i t i on  
if one wishes t o  make measurements and t o  re t roca lcu la te  the length of 
the f i s h  as a funct ion o f  the dorsal  f i n  spine diameter, One proceeds 
i n  the fo l lowing manner t a ser ies o f  sections (500 - 700 microns) are 
. cu t  above t h e  ' a r t i cu la t i on  (3-5 m according t o  the  length of the f i sh ) ,  
?he form of the sections w i l l  change as 'one move6 away from the ar t i cu-  
Petion ; f igu re  1 shows rihich is the sect ion t o  be retained. Sect,ions vere 
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1 
. performed w i t h  an Isomet low speed saw (f.lodel l1-11PO). 
Dorsal f i n  spine sections present a succession of hya l i n  bands . 
( d e a r  i n  transmitted l i g h t  and dark i n  inc ident  l i g h t )  and-opaque bends 
(dark i n  transmitted l i g h t  and c lear  i n  inc ident  l i g h t ) .  .Microra8iqrqphs / 
dom on several sections demonstrated t h a t  the  h y a l i n  bands represented 
m.mw or higher Calcium Concentration, w h i c h  oco riarmrrlly rolrated t o  
periods of i nh ib i t ed  growth (CASTBNET, 1977 ; COFIPEAN, 19PO). Furthermore, 
the central area o f  sections undergoes an a l t e r a t i o n  of %any t issue which' 
L 
1 
C .  
i n tens i f i es  as the f i s h  grows older. e .  
' 
The d iscr iminat ion of h y a l i n  end opaque bands i s  easened by a 
i . ,- 
drop of l i qu id  on the  sect ion (for example, a lcohol  GOo or 90'). 
. I .  
Sections are roughly cone-shaped, Thus, i f  one disposes of two 
sections care must be taken i n  order t o  arrange a sect ion on i t s  lover 
side end the-other inverse ly  ; t h i s  may f a c i l i t a t e  readings when the 
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. (hya l in  or ,opaque) a t  t h e  outermost edge of sections,. care must be taken ' 
. t o  e r r a n g e ' t h e s e  on t h e i r . l o v e r  s i d e  i n  order  t o  avoid  reading t h e  upper 
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s i d e  by transparency, F i n a l l y ,  i f  one disposes  of second d o r s a l  f i n  s p i n e  
.... ... ...... .. 1 . _  . .  trections these m y  a i d  i n  i n t e rp re t ing . r ead ings .  
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. ~A': ;' ..._, . ,)_ ?he hya l in  bands have been named "rings". The i r  a spec t  is . . . '  
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variable frm one s e c t i o n  t o  another  and v h i t h i n  t h e  same sec t ion .  A code 
was defined t o  enable  r e a d e r s  t o  understand t h e  i n t e r p r e t a t i o n s  proposed.- 
Considering t h e  quas i - to t a l  absence of knowledge on t h e  biology and 
behaviour of s k i p  jack i n  t h e  geographical  areas (migrat ion,  . reproduct ion)  
it seems rather d i f f i c u l t  t o  c l a s s i f y  rings 8s "accidental",  nspavning", 
etc. The choice would be much too a r b i t r a r y ,  Thus, r i n g s  a r e ' n o t e t e d  and 
described according t o  a code, 
L 
.Fur ther  on,' it appears  from our readings  and .in the. work of others 
(CH1 and YAVG, 1973 ; CMPEAN, E G O  ; CAYRE and DIOUF, 19el) t h a t  r i n g s  
are o f t e n  p resen t  as  doubles  or as groups conta in ing  more t han  two r ings .  
?hi5 has  brought us t o  grouping r i n g s  i n  o rde r  t o  g i v e  an es t imated  age  3 
each. group. being supposed t o  r ep resen t  an  annual  cyc le ,  
c .- 
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. I  . , 7 'wt 'of 8 i r e a d e r s  used'the d o l i w i n g  code : . 
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. . .  . .  . .  , As , t r i n g  p a r t i c u l a r l y  well marked - - . .  . -  . .  I .  
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,,e reta,,w or. t h e  g roups ' t haL  he  de f ines ,  i n  o rde r  t o  age. t h e  sample. 
' .  . 
Reading example t . 
. .  
- 3  , 
+ A + A + A F  + &  * -i: - 
.*) , . 1 2 - 3  4 ,  + 
.I . ..... 
* ,$' 5 .  ...... Number o f  r i n g s  = 9 
7 6 .'..: . . * - * - I  ". 
Estimated age = 4 + 
c 
a .  Two d i f f e r e n t  methods were used for measuring s e c t i o n s  I one 
. cons i s t ed  of a profile p r o j e c t o r  f i t  wi th  a s t a g e  coupled with a micro- 
meter, vhicb measured t h e  d i s t ance  t r a v e l l e d  ; t h e  o t h e r  cons i s t ed  of a 
binocular  l e n s  Pi t  with  en ocu la r  micrometer. Two measurement techniques 
were developed, a s ta t i s t ica l  test on a , sample  of 30 d i f f e r e n t  s e c t i o n  
..- 
readings d i d  not  show a s i g n i f i c a n t  d i f f e r e n c e  betveen t h e  &wo methods ; therie , 
may then  be regrouped for measurement purposes (F igures  2 and 3). 
RESULTS Ahl) DISCUSSION. 
6. 2 + 3 
- ! - 
Comparison o f  readings.  
This  comparison was made on t h e - r e a d i n g s  of 8 i n v e s t i g a t o r s  cm EJ 
sample of 78 photographs of dorsal f i n  s p i n e  sec t ions .  The r eade r  d id  n o t  
have t h e  c h a r a c t e r i s t i c s  of the: f i s h -  ( length,  o r i g i n ) ,  i n  o rde r  t o  avoid 
o r i e n t i n g  his  reading. ?he photographic magnif icdit ion f o r  a l l  p r i n t s  was 
t h e  same. Readers 1, 2, 3, 5 end 7 p a r t i c i p a t e d  i n  developing t h e  reading  
eode end appl ied  it, reade r s  6 end 8 app l i ed  t h e  code without having pa r t i -  
cipefted in its devslbpment, r eade r  number 4 developed Ris own method, The: 
* 
c 
. 
. .  . .  
e .  
i I . >  
~ .. 1 
' : 78 samples vere d e l i b e r a t e l y  chosen Prom f i s h e s  coming from d i f f e r e n t  origins 
: Ø: - . ,  (Carribcan., Centrol, Atl8ntiC,' Gul f  of Guinee) 
r e s u l t s  frqm.thc point o f  .view 'of  .skipjsck'.gro&h. , ' 
We w i l l  not try to '  interpret 
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From 8 t o t a l  of 7R p r i n t s ,  17 (21,R %) were considered unreadable 
by a t  l e a s t  m e  p,erson ; only  one p r i n t  (1.3 %) gathered  t o t a l  agreement, 
. 4  p lus  two o t h e r s  &en agreement was cons iderer  8t + - 0,s year l e v e l  . .  
I I  :.: ( t o t 8 1  3%P %). It is ev iden t  t h a t  t h e r e  i a  a g r e a t  d i f f e r e n c e  i n  t h e  
d i f f e r e n t  i n t e r p r e t a t i o n s .  I t  is notevorthy t o  mention t h k t  EI nimilar 
comparison on cod o t o l i t h  readings  showed 39 X agreement between 10 readers 
(Lopez - Veiga, 19761, 
c 
..I . 
J.' 1 . 
' 
I *  
Table I shows t h e  agreement between d i f f e r e n t  p a i r s  of readers .  
Xn .a l l  ca ses  t h e  percentage agreements are i n f e r i o r  t o  40 % except  
I 
I 
J 
for the p a i r a  2 - 4 (56 X) and 7 I R (73 #). The lowest ve lues  a r e  observed 
for the  p a i r s  4 - 6 ( 8 %) and 2 = 6 ( 9 X). The high l e v e l  of egreekent  
achieved by t h e  p a i r  7 -'8 may be explained by t h e  f a c t  t h a t  they  had 
t h e  opportuni ty  t o  work t oge the r  and 'also because they  d i d  no t  try to es- 
t ima te  age with a + .3 year prec is ion .  The p o i r  2 - 4 achieves a high l e v e l  
gf agreement even though t h e  methods used 'are ~ dif f e r e n t  and t h a t  t hey  never 
had t h e  opportuni ty  t o  work toge ther ,  
.I - - 
- 
. t  2 ,  2.k z T a b l e y  shows agreement between p a i r s  of re-aders a t  + .I .5 year  
leve l .  The agreement is c l e a r l y  much h igher  t 16 pairs out of ZR agree 
at  more than 50 L, 113 a t  more than  60 %, The d i f f e r e n c e  with t h e  preceding 
t a b l e  ( t a b l e  I) comes from t h e  fact t h a t ' r e a d e r s  may ass ign  a d i f f e r e n t  
meaning t o  n+n when they  use it and 1 or d i f f i c u l t i e s  r e l a t e d  t o  reading 
* . 
, t k ' s t r u c t u r e s  ( r i n g s )  c l o s e  t o  t h e  edge ,of t h e  s a c k o n s .  
&?L 8 4 4  
. Tables 3 and 4 show t h e  birrs betureen pairs sf reeders. ?he-b ia8  
* 
- k i n g  defined by t h e  sum of overestimated and underestimated ages. The 
man bias 8erves t o  i n d i c a t e  t h e  tendency o f  a r eade r  bn r e l a t i o n  eo the 
0 .  . . .*. 
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One can see t h a t  r eade r s  2 and 4 c l e a r l y  underest imate  age i n  
rl- h e n  cumpared by a e test,  Only 4 p e f r s  o u t  of 28 do not show 8 s i g n i f f -  
c a n t  d i f f e rence  betureen. them a t  'the 5 X l e v e l ,  7 p a k s  a t  the 1 L l e v e l .  
.&'q . An example of  limar adjustement is giwen i n  figure-4. The equations 
" .  
. r e l i t i o n  tb t h e  set o f  r e a d e r s  ; r e a d e r s  ? e n d . 8  have the i nve r se  tendency, . I . 
Readers 3, S and 6 oberestimate age s i i g h t l y  ; r e a d e r  I has t h e  i n v e r s e  
. I  . .  . L  . : . .* . .  . 
, "  
4 .C! 
L . tendency. . . . .  ' . : - : I  9. I .  
h 5 .,;.fp. ., .k%#"+ 2 +;. . .  ?he examination of reading  formulae fu rn i shed  by each resder 
r2 . I . e ,  
Bhovs, except  i n  s e v e r a l  p a r t i c u l a r l y  easy  cases (very well rnarked rings), t l C  E 
. t h a t  t h e  number o f  r ings seen  or r e t a i n e d  v a r i e d  from orte r eade r  t o  another  
in genera l ,  t hose  t h a t  d i s t i ngu i shed  t h e  greater number of rings overes- 
timate age. Nevertheless ,  differences may arise by the way i n  which r i n g s  
. 
. .e 
ere grouped. . 
. ,  
' .  . 
Based on t h e  i n t e r p r e t a t i q n s  of each reader, '  81 mean age va8 este- I 
b l i shed  for t h e  61 s e c t i o n s  t h a t  were read  by the whole set of readers .  
A 
I t  was not poss ib l e  t o  &st modegs o f  t h e  Von B e r t a l l e n f y  type. %le hava I : '  
7 t h u s  chosen t o - r e p r e s e n t  age as a func t ion  of ' l ength  by 8 l e a s t  squa res  . 
~ : .  
-. I '  Umar model, - -  
4 8 -  . Table 5 shows t h e  mean age obta ined  for 61 s e c t i o n s  ; mean have , 
. .. , . . . . - .  
. e .  , . . "  ' t '  . -:J..;; . :.- . 
Figure 5 shows t h a t  two groups may be'clearlly d i s t ingu i shed  by 
'L - e'; .. . . e .  
. 8"-overlapping o f  e l l i p s e s  t r eade r s  3,5,6,7 and 8 on th one hand and 
r eade r s  2 ark 4 on t h e  o t h e r  ; r eade r  1 cPcc&es a n  in t e rmed ia t e  p o s i t i o n  
-_ e .  
\ .  
between both groups. Readers 3,5,6 may be mingled (qussi-concentrical 
I 
~ ellipses). 
1, The determination of cage in skipjack by the use of dorsal fin 
spines remains difficult. Even when a common methodology has been deve- 
loped, interpretations m y  show important 'divergences. Differences arise 
from the number of 'rings seen and retained and from the 'my in which 
these are grouped. .The absence and/or the blurry nature of rings in the 
. 
0 .  
- 4  
1 .  
8 
'i . altered central zone most likely increases the bias in reading, especially ! 
1 
r( I 
i 
?; 
4 
. . when the fish are larger (more than 50 cm).' Finally, the nature of the 
edge of the sectiops are not 'read i n  the 8ame manner by the differeni readers. 
i 
i 
Nevertheless, the development 0f.a common methodology allow f o r  
comparisons and groi?ing.of readers..' 
, . i :  7 
i. 
'1 
As'far as possible, an effort must be made..in order that a sanple 1 i be read by several investigators before drawing conclusions.on skipjack 
i growth..Selection of easily read sections must also be avoided, in order 
I 
i to keep from introducing a bias related to.the choice of individuals that 
i - may be different from the mean.' 
I 
i 
' I .  t Growth '4 
An application of the method described above was performed by 
> .  
readers 1,3 and 3. We have seen (tables 2 and 3) that there vas a high 
level of agreement betwen these three readers. Three samples vere studied : 
8 sample from the .landings at Cumana (Venezuela) another from Dakar (Senegal) 
and the third from Abidjan (Ivofy Coast). 
E 
. 
n 
The relation'betueen the diameter of the d6rsal fin $pine sectien 
r and fork length was etudied in order to obtain retrocalculated values of . 
length at ririg formation. I 
.- 
The r e l a t i o n  vas s t u d i e d . f o r  the ,  t h r e e  samples by ad jus t ing  
measurements t o  a l i n e a r  model without  d a t a  t ransformation.  'The equat ions  
of pred ic t ive  r e g r e s s i o n s a r c  shovn i n  t a b l e  7, The comparison betveen t h e  
l i n e s  vas  performed on t h e  p r e d i c t i v e  r eg res s ions  t y = a + bx ; r e s i d u a l  
. *arionces not  being homogenous (6 test s i g n i f i c a n t  a t  t h e  3 % l e v e l )  com- 
fa ;* 3 
L *  
$%U 4 par i son  was done by means of e l l i p s e s  of j o i n t  confidence limits. Figure 6 
shows t h a t  t h e r e  does-not  seem t o  be  a s i g n i f i c a n t  d i f f e r e n c e  betcreen t h e  
* 
. 
.-e 
L "  
-.I I ' three gamples. 
The problem,appeared o f t h e  poss ib l e  dissappearance of r i n g s  
, "  
w i t h i n  t h e  c e n t r a l  altered zone of s e c t i o n s ,  e s p e c i a l l y  f o r '  l eng ths  
than  50 cm, The measurements?at d i f f e r e n t  r h g s  have been grouped 
c i  t 2  i n  t h e  form of a histogram ( f i g u r e  7 ) .  This  f i g u r e  sugges t s  t h r e e  ind i -  
P i  
1 v idua l ized  groups of measurements a t  t?OO,lOOO and 1300 microns r ad ius ,  uhich i) 1' 
would co r re spond ' to  t h e  first t h r e e  groups of r ings .  These t h r e e  groups have 
ir 
been considered when e s t ima t ing  i n d i v i d u a l  age wi th in  samples. 
Two d i f f e r e n t  methods have been used t o  s tudy  growth. I n  one c a s e  
-_ 
we have est imated l eng th  a t  d i f f e r e n t  r i n g  formation by back c a l c u l a t i o n  ; 
i n  t h i s  case an i n d i v i d u a l  is considered for  severa l ' age- length  e s t i n a t e s .  8 
In  t h e  other case ve s t u d i e d  g ros th  by t h e  i n d i v i d u a l  age-length r e l a t i o n ,  
' 
, 
1 
The first method h c r e a s e c t h e  number of observa t ions  but ,  bias /! 
{ 
may be introduced from back-calculat ion and from t h e  non-independance of ' 
t h e  d i f f e r e n t  age-length e s t ima tes ,  t h e  second l ends  it-self b e t t e r  f o r  
B 
I 
adjustement &o a mathematic81 growth model, 
doria obtained for each'aemple \vere used in colculntions, The formula r ~ r  
1 
h For growth es t imated  by back-calculation, t h e  p red ic t ive . r eg res -  f 
i 
teind was o * 
. 
A i  , 
- 1 ,  uFi= s + ( L F - a ) r  .. 
t 
i 
s .  
. .  
.). 
h e r e ,  L F i  = Fork length  a t  t i m e  i 
e = Y i n t e r c e p t  
I 
4 .  LF = fork l ength  of f i s h  
A i  = d i s t ance  t o  r i n g  measured 
A z r a d i u s  of s e c t i o n  
The r e s u l t s  obtained per sample and for each group of r i n g s  
(per iods)  are shown &n t a b l e  8. Increments pe r  per iod  are i n  t h e  order  of 
4 t o  5 cm ; These are s l i g h t l y  s t ronge r  for t h e  sample from Dakar. I t  does 
not  seem j u s t i f i e d  t o  push f u r t h e r  t h e  comparison between t h e  d i f f e r e n t  
samples, e s p e c i a l l y  i f  one cons ide r s  t h e  fact t h a t  l e n g t h s  a t  first and 
. 
I 
second groups of r i n g s  has  been determined from f i g u r e  7, by a t t r i b u t i o n  9 
of r i n g s  when none were W i b l e  i n  t h e  e l t e r e d  c e n t r a l  zone. 
For d i f f e r e n t  p a i r s  of age-length e s t ima tes  t h e  b e s t  adjustement 
vas obtained by l i n e a r  regress ion .  The l i n e s  obtained are shown on f i g u r e s  
-d&- 6 Ba, 8b and Rc. Table 8 shows t h e  l eng ths  obtained for  each per iod supposed 
annual. The values  are very  close t o  those  obtained by back-calculat ion and 
are also s l i g h t l y  higher  f o r  t h e  sample from Dakar, Comparisons ail1 not 
be pushed f u r t h e r  cons ider ing  t h e  he te rogenei ty  of samples and var iances .  
ble have mentioned above t h a t  t h e  proposed hypothes is  o f  double ring 
formation pe r  year  f o r  s e v e r a l  Tuna s p e c i e s  inc luding  sk ip j ack  vas' r e t e i n e d  
for  this work. A v a l i d a t i o n  of  t h i s  hypothesis  was t r i e d  by t h e  observa t ion  
- of the na tu re  of  the  edge of sk ip j ack  dorsal sp ine  sec t ions .  This study was 
carried out by one reader on sk ip j ack  landed a t  Dakar for which ssnples 
existed covering t h e  year  1980. The propor t ion  of h y a l i n  edges vas calculated 
per month. Figure 9 shows t h a t  from January t o  dune there would be a long 
period of i n h i b i t e d  grouth (hyalin edge), From July t o  September g r w t h  
would resume (opaque edge),  later i n  October a new h y a l i n  edge appears  ; 
' 
9 
+. and f i n a l l y ,  grouth would resume i n  November and Decembe;. This  p a t t e r n  
&;?ems t s  i n d i e a t e  t h e  Tormatipri  ci^ two r~ngs per year. Nevertheless ,  sever& 
re se rves  must be 8dvamed. 
i. 
. 
I 
\ 
I .  
II. 
. .  
" .  .. . .  
. .  _ .  
. .  
a) Nonthly samples are not, numerous and do no t  t a k e  $nto.'account poss ib l e  
in te r -school  d i f fe rences , .  . 
- 
. .I 
.. . , 
.b) . The i n t e r p r e t a t i o n  .of t h e  edge .of. a s e c t i o n  is d i f f icu l t  and it may 
. .  . ,  . .  
. .  
vary  from one re8der.to another ,  
c )  'The per iod  of .* inhib i ted  - growth from January. t o  J u l y  seems rather ' _  
long, it is not  excluded t h a t  s e v e r a l  r i n g s  may have formed dur ing  
t h i s  period. 
4 
I 
On t h e  b a s i s  of annual p e r i o d i c i t y ,  t h e  increaments obtained i n  
t h i s  s tudy  (4 t o  5 em) are on t h e  average two times less than  o the r  es- 
t i m a t e s  f o r  A t l a n t i c  sk ip j ack  (BAT~S, 1972 '; CARLESJIARTIN, 1975 ? CAYRE, 
19RO), based on hard pa r t s .  .It  is t h u s  ev iden t  t h a t  our  r e s u l t s  must  be 
regarded a s  provis iona l .  The d i f f e r e n t  s tud ie s .  during t h e  sk ip j ack  program 
should permit t o  conso l ida t e  c e r t a i n  hypothesis ,  I n  p a r t i c u l a r ,  .Te t racyc l ine  
marking may permit t o  clear doubts  concerning r i n g  formation p e r i o d i c i t y .  
The first r e t u r n s  from Tetrac'ycline i n j e c t e d  sk ip j ack  shou t h a t  t h e  product  
is . v i s i b l e  on d o r s a l  sp ine  s e c t i o n s  under f luorescence  microscopy. ?he pre- 
s e n t  number o f  Tetracyc l ine  marked and . recaptured fitãh and t h e i r  time e t  
l i b e r t y ,  is n o t  s u f f i c i e n t  t o  permit  a s tudy  of g rou th  by t h i s  method 5 only 
7- 
f i s h  with approximately one yea r  a t  l i b e r t y  should 'permi t  t o  v e r t f y  r i n g .  
p e r i o d i c i t y  rand s tudy  annual growth, 
A t  t h i s  po in t  ve would l i k e  t o  make t h e  fo l lowins  remarks' I 
a) I n h i b i t e d  growth marks are numerous and may be l a r g e ,  i n d i c a t i n g  , 
f requent  and/or long per iods  of i n h i b i t e d  growth. 
. I 
b) Crouth marks may be narrow, i n d i c a t i n g  s h o r t  pe r iods  of r a p i d  g r s h h .  
c) Harks are f requent ly  d i f f e r e n t  from one f i s h  t o  another  in one sample, 
which i n d i c a t e s  e g r e a t  v a r i a b i l i t y  of. i nd iv idua l  growth, 
I 
These remarks l ead  u s  t o  suppose a r e l a tLve ly  o p p o r t u n i s t i c  growth 
., 
* .  , . ,*.A LS;,. +@&; ' ?%* - +.r?r,scd by l o c a l  f avorab le  cond i t ions  encountered i 
this hypothesis  has been a l r eady  advanced for  gonad maturat ion (CAYRE I 19?1)0 
. .-. 
This  l e a d s  t o  t h e  idea  of s tudying  sk ip j ack  a t  t h e  i n d i v i d u a l  school  l eve l ,  
I n  conclusion,  t h e  au tho r s  estimate t h a t  reading  s k i p j a c k  age by 
d o r s a l  $ in  sp ines ,  bes ides  t h e  d i f f i c u l t i e s  encountered is an i n t e r e s t i n g  
method. I t  is t h e  most simple t o  sample and t o  prepare. 
!. The  slow growth r a t e  obtained i n  our s tudy  needs t o  be v e r i f i e d ,  
p a r t i c u l a r l y ,  by Tet racyc l ine  marking. 
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The code is ,derived t rom the french language _ .  which vas . 
a&ted by the different  readers. 
o 
1 
, 5 
I 
1 .  
li 
- 
- 
I .  - *  
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i 1 .  . . 
. 
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P 
Table 1, 
Table 2. 
Table 3, 
Teble 4. 
?il 
Table 5, 
Table &a. . 
?&le 6bo 
Ø- 
Table' 7. 
Table 0. 
t 
TABLE LEGEVDS 
Total agreement . between -. pairs of readers. 
Agreement at 0.5 year level between pairs of readeas. . 
,Bias betueen pairs of readers. Dias at,+ - '0.5 ye,ar 
level included. B ias .  = (% oversesti,mmated age) - 
c 
- '  
. .  
(% underestimated age). . . ' '  . I ,  
Bias between pairs of readers, f o r  biais . + - 1- 
1 year, Bias = (X oversestimated age)'. (X underestimated 
age) . 
Comparison of averaged estimated ages ; . .  n = 61 
Parameters ef functional regressions : LF= a + b' (age) 
f o r  each reader. . 
Parameters of predictive regressions end correlation 
coefficients for age- length estimates by each reader , 
Parameters of the regression : LF = a + bd uhere 
LF = fork length and d = section diameter, 
Periodical increments (supposed annual) obtained by 
back-calculation end by regression fo r  3 samples, 
L = fork length .¿ = standard deviation, 
I 
c 
I .  : 
I . 
, 
f . .  
. .  
. ,  
. .  
. .  
. .  
Reader P 4 . ' 5 - . .  6 7 R 
1 x 31 38 31 30 23 13 14 
2 Pl x 25 56 91 ' 9  13 10 
3 3R .2s x 28 39 24 3F1 30 
4 . 31 56 20 x 24 P 16 13 
5 30 31 39 24 x 14 23 26 
6 23 9 24 8 14 x 21 21 
7 13 13 38 16 23 22 * x 73 
8 14 10 30 13 26 21 73 X 
I -_ 
. 
. .  
' I 
. . . . .  
I . -  
I 
, I Reader 1 2 f 4 5 6 .  7 
1 x 67 6fi 62 61 50 40 46 
2 67 x 4P 72 41 54 25 22 
l 
3 66 4 s ’  x. 46 63 65 .67 62 
4 62 72 46 x 35 50 26 24 
5 61 41 63 33 x 60 45 4P 
6 50 S4 65 SO 60 x 66 61 . 
1 
7- 
V I  7 40 25 67 26 45 68 ’ x 73 
I - . .  
I .  8 46 22 61 24 40 61 73 x -  
n -  
6 
’ .  
* ,  . ,  
1 . . .  
t. 
t 
, 
- .. 
, , . .  ” .  
. . . . . .  
I 
“i i 
. .  . .  . -  , - 
1 ,  * 
8 )  . t * .  . .  
, 
4 5. 6 7 B mean biss Reader . 1 2 3 
47 .-24 -23 -42 -64 -12 1 X 49 =26 
2. -49 X 
3 26 68 
r 
-60 5 -61 4 3  -64 -90 -36 
X 70 - 2 -  2 -42 -46 11 
X -37 1-11 -42 -07 -so 4 -47 - 5 -70 
X .  5 -29 -27 14 5 24 61 2 -57 
6 23 
7 I 42 64 
8 64 
63 - 2 41 - 5 .  x -45 -42 5 
42 42 29 45 X 1 38 
90 46 87 27 42 - 1 X 50 
6 
* -  
* .  
1 .  
. .  . 
-f i .  
- 
. .  ’ \  
‘ .  
i2 
. .  
_ .  . .- - - -. ~ .-.-__lC.._____rC- - -.--.-* ----**-.-*-- ..--._._-, , - .. 
-51 .9  -57 4 4  -76 -79 -47 2 -31 % 
3 20 51 X 54 O -13 -27 -29 . 8  
-58 . -50 -74 -76 -51 4 -36 - 9 *-5$ X 
11 3 23 57 o - 58 % 
-7- 
3 -31 -29 I J 
3 .- x -22 -28 11 . 
x 9 1 .  
16 44 13 50 
, .  
- *  6 
41 7 54 76 27 74 31 22 

I '  
. .  
. . .  

1' . .  
, I 
L = 34.1 Lp = 34.6n .L = 54.5 L = 35.75 L = 34.2 L = 35.26 . f  - 1  
i ¿ = I a n €  & = 4.60 A = 2.21 '4 = '4.P9 4 2 12.00 4 = 3.69 
-. ! 
1 .  2 L ,= 39.0 L = 37.0Q L = 5n.n L = 39.92 L = 39.5 L = 40.27 
16 = 2.70 a = 4.57 a = 2.72 A = 4.n4 A = 2.55 b = 3.57 
. .  _. . .  . .  
f , .  
! 
I .  
! .  . .  
. . .  
. .  
. .  
L = 46.3 L = 43.5 L = 43.2 L = 44.09 L = 45.1 L = 45.50 3 
¿ = 2,?0 A = 4.54 & = 3,OR a = 4,PO . A = 2.R7 d = 3.49 
! .-L = 47.9 L = 47.91 L = 47.5 L = 4f7.26 L = 47.R L = 50.33 
b = 2,V 4 = 4.53 A = 3.52 & = 4,7R 4 = 2.0R & = 3.46 
L = 54.0 L = S5.36 
E 
--- 
> L = 51.6 t = 53,32 L = 52.4 . L = 52.43 
. ,  & = 3.69 A = 4.52 d = 4,68 A = 4.77 . A = 3.16 ' a = 3.47 . - 
6 L = 53.6 L = 56.75 L = 55.6 L = 56.60 L = 57.7 L = 60.39 
-6 = Se13 Q = 4.52 A = 5.54 b = 4.711 .4 = 3.69 d = 3.53 
L - =  62.R L = 61.34 L = SR.7 L = 60.77 ' e  
Q = 6.M d = 4.53 b = 3.7R A$ = 4.R1 
I 
. .  
FIGLlRE LEGENDS 
Figure S. a t sectioned too low ; b t sectioned correctly ; 
c t sectioned too high. 
Figure 2. Profile projector measurements ; al 82 = symmetry axis  ; . .  I ,  I b  d = section diameter ; r 3 radius t r ing measurement. I 
I , ,  , 
I Figure 3. Ocular micrometer measurements ; d : section diameter ; 
. d1.t ring measurement ; r' = d l  - d/Z 
Figure 4... Example of length/ege regression (reader no S) 
Figure 5. Ellipses of joint confidence limits for length/age 
' ?  regressions by different readers.' 
Figure 6. Ellipses of joint confidence limits f o r  dorsal Pin spine 
radius/fork length regressions. .. 
. I  
3 .  
la . .  
1 
. Figure 7. Ring radius frequencies, all samples combined. . .  * ,  
I 
* Figure P. a) length/aja regression, sample . .  from Cumana; 
b) Length/age regression, sample from Abidjan. - 
c) Length/age. regression, sample from Dakar. . 
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